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STRUCTURAL MONITORING TECHNIQUES FOR XIAMEN XIANG’AN 
SUBSEA TUNNEL 
 
LEI Ying , ZHENG Zhu-peng 
(School of Architecture and Civil Engineering, Xiamen University, Xiamen, Fujian 361005, China) 
 
Abstract:  Due to the particular and complex engineering environment of subsea tunnels, it is especially 
imperative to monitor the condition of steel corrosion in reinforced concrete (RC) of subsea tunnels for 
structural serviceability and durability of RC structures. In this paper, the largest excavation section subsea 
tunnel - Xiamen Xiang’an subsea tunnel is studied. Especially, the design of corrosion monitoring system is 
focused due to its complexity. Both the commercial corrosion sensors and the developed corrosion sensors 
based on electrochemical and fiber Bragg grating (FBG) techniques are adopted. The arrangement of the 
corrosion monitoring sections, their location, the installation of the sensors and the establishment of 
corrosion database are discussed. Then, the evaluation of corrosion in subsea tunnel is established based on 
the monitoring data of reinforced concrete collected in field. Based on the monitoring data collected in the 
field of the subsea tunnel, the status of stress and corrosion in Xiamen Xiang’an subsea tunnel can be 
evaluated. Finally, the promising technique based on ultrasonic guided waves for monitoring steel corrosion 
in RC is also discussed. 
Key words:  subsea tunnel; corrosion monitoring; corrosion sensor; fiber Bragg grating (FBG); ultrasonic 
guided waves; electrochemical techniques; database 
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Fig.1  Overview of Xiamen Xiang’an Subsea Tunnel 
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Fig.2  Geological profile of Xiamen Xiang’an subsea tunnel (Left side tunnel) 
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Table 1   Selected sections and installed sensors for corrosion 
monitoring 
?? 
?? 
?? 
?? 
???? 
??????? 
????? ??????? 
?? ?? ?? ?? 
?? 
?? 
1 ZK8?283 2 ????? 1? 2 ???????
2 ZK8?288 2 ????? 1? 5 ???????
3 ZK8?925 2 ????? 1? 2 ???????
4 ZK8?930 4 ????? 2? 2 ???????
5 ZK8?935 4 ????? 2? 2 ???????
6 ZK8?940 2 ????? 1? 2 ???????
7 ZK10?020 0 ? 14 ????? 
8 ZK10?170 0 ? 6 ????? 
???? 9 NK8?970 2 ????? 1? 7 ???????
???? 10 
YK10?681 4 ????? 2? 6 ???????
11 YK10?686 2 ????? 1? ? ? 
????????????????????
??????????????????????
??????????????? 1??? 
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Fig.3  Wavelength of FBG vs. elapsed time 
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Fig.4  Corroded bar 
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Fig.5  Fiber-optic corrosion sensor 
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Fig.6  In-situ installation in of corrosion sensors 
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Fig.7  In-situ measurements 
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Fig.8  Monitoring results of FBG corrosion sensors 
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Table 2  Test data from CorroWatch and ladder type of sensor 
(date: 2012-11-27) 
????? 
??? 
??/ 
(?) 
????/(mV) ??????/(A/cm2)
1 2 3 4 1 2 3 4
CorroWatch 
27.15 
370.8 377.5 366.1 349.9 0.022 0.711 0.508 0.616
???  206.6 267.8 286.7 275.9 0.046 0.126 0.136 0.196
?3  ?????XMUCT-08????(???2012-11-27) 
Table 3  Test data from multifunctional sensor of XMUCT-08 
(date: 2012-11-27) 
?? ?? pH Cl/(mol/L) Ecorr/mV Rp/Ω V/(mm/a) ?? 
YK10+681 
2 12.27 2.4103 193 359594 0.0006
????
5 12.62 7.8103 302 529978 0.0004
6 12.94 3.4103 340 388583 0.0006
ZK8+288 
1 12.07 1.0103 660 251805 0.0009
3 12.89 1.7102 692 135509 0.0017
4 12.89 2.6103 520 752609 0.0003
ZK8+920 
7 12.45 8.7103 309 861497 0.0002
8 12.36 7.5103 491 390080 0.0006
ZK10+020 
12 12.07 6.2102 586 999999 0.0002
13 12.36 1.4102 212 420024 0.0005
? 2 ??????????????400 mV?
???? 1 uA/cm2??????????????
? 3???? XMUCT-08?????????FBG
??????????????????????
??????????????????????
????????????? 
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Table 4  Collected data of corrosion monitoring (Section/Point: ZK10+020/apex, date: 2011-04-04) 
????? CorroWatch? ERE20 ?????? XMUCT-08 FBG 
???? ??/(mV) ????/(A/cm2) ??/mV ????/(A/cm2) pH Cl/(mol/L) ??/(mV) ????/(mm/a) ??/nm ????/nm
??? >500 <1.0 >500 <1.0 >11 0.1 >250 0.0012 1549.97 <3 
??? 
1/109.9 1/0.098 1/216.1 1/0.057 
12.26 3.8102 615 0.0032 1549.99 0.02 2/187.5 2/0.09 2/111.6 2/0.092 
3/267.2 3/0.087 3/75.26 3/0.095 
4/130.4 4/0.094 4/112.5 4/0.078 
?? ?? 
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??????????????????????
??????????????????????
??????????????????????
??????????????????????
?????? 
3.3  ???????????? 
???????????????????
???????????????? 
1) ???????????????????
????????? CorroWatch????????
??????????????????????
?????????????????????
1 uA/cm2???????500 mV ~250 mV???
??????????????????????
??????????????????????
?????2) ?? XMUCT-08 ????????
??????????????????????
??????????????????????
???pH ?????????????????
??????????????????????
??????????????????????
??????????????????????
?????????? 
3) ???????????????????
??????????????????????
?????????????(1)????????
??????????????????????
??????????????????????
???????????????? 25 mm????
???????? 5??? 
 ?    ?    ?    ? 7 
 
?5  ???????FBG????????? 
Table 5  Standard for corrosion evaluation using FBG sensors 
in Xiamen Xiang’an tunnel 
?????b/nm ???/(%) ???? 
0~3 0~0.5 ?? 
4~6 0.5~1 ?? 
7~9 1~1.5 ?? 
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Fig.9  Influence of steel-bar-concrete shear modulus ratio on 
real and imaginary parts of L(0, 1) 
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Fig.10  Influence of steel-bar-concrete density ratio on real 
and imaginary parts of L(0, 1) 
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Fig.11  Attenuation disperse curves of mode L(0,8) in steel 
bars with different diameters embedded in concrete 
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Fig.12  Amplification of original signal 
 
?13  ?????????????? 
Fig.13  WT of detection signals at different scales 
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Fig.14  Detection signals after wavelet transform at scale of 89 
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